





























$\int dEf(E;\beta)=\int dE\Omega(E)p(E;\beta)=\int d\Gamma p(E;\beta)=1$ , (2)
$p(E;\beta)=Z(\beta)^{-1}\exp(-\beta E)$ Gibbs
$f(E; \beta)=\Omega(E)\frac{e^{-\beta E}}{Z(\beta)}$ , (3)
$Z(\beta)$
$Z( \beta)=\int_{0}^{\infty}dE\Omega(E)e^{-\beta E}$ . (4)
$f(E;\beta)=\Omega(E)p(E;\beta)$ ( )
$U^{*}$ $f(U^{*};\beta)$
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2.1 $GauB$
Gauss (or Gauss [1]) $\theta$
$x_{i}$ ( $n$ ) $x_{i}-\theta$ $f(x_{i}-\theta)$
$\ln \mathcal{L}(\theta)\equiv\sum_{i=1}^{n}\ln f(x_{i}-\theta)$, (5)
Gauss 2
1 $)$ $\theta=\theta^{*}$ :
$\frac{d}{d\theta}\ln \mathcal{L}(\theta)|_{\theta=\theta^{*}}=\sum_{i=1}^{n}\frac{\partial}{\partial\theta}\ln f(x_{i}-\theta)|_{\theta=\theta}. =0$, (6)





$\frac{\partial}{\partial\theta^{*}}\ln f(x_{i}-\theta^{*})=-\frac{d^{2}\varphi(\theta^{*})}{d(\theta^{*})^{2}}(x_{i}-\theta^{*})$ . (8)
$\theta^{*}$ $\theta^{*}$ $\psi(x_{i})$

















$L$avenda [6] $GauJ3$ ( )
$\Omega(E)$ Boltzmann
$S^{B}(E)=\ln\Omega(E)$ , (14)
$3_{\backslash }$ Boltzmann (” ) (3)
$\ln f(E;\beta(U^{*}))=\ln\Omega(E)-\beta(U^{*})E-\ln Z(\beta(U^{*}))$ . (15)
$\beta$ $U^{*}$
$\beta(U^{*})\equiv\frac{\partial\ln\Omega(E)}{\partial E}|_{E=U^{*}}$ . (16)
Legendre
$\ln Z(\beta(U^{*}))=S(U^{*})-\beta(U^{*})U^{*}, \beta(U^{*})=\frac{\partial S(U^{*})}{\partial U^{*}}$ , (17)
Boltzmann (14) (15)
$\ln f(E;\beta(U^{*}))=S^{B}(E)-S(U^{*})-\frac{\partial S(U^{*})}{\partial U^{*}}(E-U^{*})$ , (18)
(9) $S^{B}(E)$ $E$ $S(U^{*})$ $U^{*}$
[2]
$\ln f(E;\beta(U^{*}))=S^{B}(U^{*})-S(U^{*})+\frac{1}{2}\frac{\partial^{2}S(U)}{\partial U^{2}}|U=U-(E-U^{*})^{2}$ , (19)
$U$ $U^{*}$ $S(U^{*})$ (concave)
$\frac{1}{\sigma^{2}}\equiv-\frac{\partial^{2}S(U)}{\partial U^{2}}|_{U=\overline{U}}>0$ , (20)
$\ln f(U^{*};\beta(U^{*}))=S^{B}(U^{*})-S(U^{*})$ (21)
Gauss




$3W(E)=\Omega(E)dE$ $dE$ $\Omega(E)$ $\ln W(E)=\ln\Omega(E)$
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$f(E;\beta(U^{*}))$ $E$
$\int dEf(E;\beta(U^{*}))\ln\frac{f(E;\beta(U^{*}))}{\Omega(E)}=-S(U^{*})-\beta(U^{*})(\int dEf(E;\beta(U^{*}))E-U^{*})$ . (24)
$U^{*}$
$S(U^{*})=- \int dEf(E;\beta(U^{*}))\ln\frac{f(E;\beta(U^{*}))}{\Omega(E)}=-\intdE\Omega(E)p(E;\beta(U^{*}))\ln p(E;\beta(U^{*}))$





$q$- [7] Gaufl $q$- [3]
Gaufl $q$- [8] $q$-
$q$-




$\Phi_{q}^{N}$ $q$- $M$assieu Tsallis




















$U_{q}( \beta^{N})\equiv\int_{0}^{\infty}F_{q}(E;U_{q})EdE=-\frac{d\Phi_{q}^{N}(\beta^{N})}{d\beta^{N}}$ . (37)
$f_{q}(E;U_{q})$ ( ) $F_{q}(E;U_{q})$











$=- \int d\Gamma P_{q}(E;\beta^{N})\ln_{q}p_{q}(E;\beta^{N})$. (41)
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4Gaut3 [1] [6] Boltz-
mann $S^{B}(E)$ (” ) Gibbs




: $\phi$ $n\in N$ $\sum_{1=1}^{n}\phi$ (ei) $=0$ $\sum_{1=1}^{n}e_{1}=0.$ $e_{1},$ $\cdots,$ $e_{n}\in \mathbb{R}$
$\phi(e)$ $e$ $\blacksquare$
: $n=2$ $\phi(-e)=-\phi(e)$ $e\in \mathbb{R}$ . $\phi(e)$ $e$
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